Drosophila
Introduction
Germ cells normally differentiate while they are in intimate contact with somatic support cells. The close interaction between the germ cells and somatic cells plays important roles in gametogenesis. In mammals, oocytes develop within follicles, in which each oocyte is linked with the surrounding layers of somatic granulosa cells via gap junctions (reviewed by Kidder and Mhawi (2002) ). These gap junctions serve both to transfer nutrients into the oocyte from the somatic cells and to regulate oocyte meiosis (Norris et al., 2008 (Norris et al., , 2009 cells. The zpg gene (also known as innexin4) is required for the survival of early germ cells. It has been proposed that Zpg in germ cells forms heterotypic channels with other Innexin protein(s) expressed in IGS cells to mediate signals between germline and the somatic cells . However, the function of the innexin(s) expressed in somatic support cells and the molecular mechanisms involved in their intercellular communication remain to be elucidated.
In this paper we show that the inx2 gene plays essential roles in early oogenesis. A new female sterile mutation of inx2 disrupts both cyst formation and egg chamber formation. Inx2 is strongly expressed in escort cells and follicle cells that are apposed to germline cells in the wild-type germarium region. Consistent with this, mosaic analysis and RNAimediated knockdown experiments demonstrated that wildtype function of inx2 in IGS cells is required for the survival of early germ cells and promotes cyst formation, probably downstream of EGFR pathway, and that inx2 function in follicle cells promotes egg chamber formation through the regulation of DEcadherin and Baz. Our results suggest important roles for Inx2 gap junctions in somatic support cells in the regulation of developmental processes during early oogenesis.
Results

FA42 mutation affects cyst formation and egg chamber formation
In the course of genetic screening for genes required for germ cell development, we have identified a female sterile mutation, which we named FA42. The control females heterozygous for the FA42 mutation had ovaries with many mature eggs (Fig. 1A) . In contrast, the females homozygous for the FA42 mutation had tiny ovaries, which contained no mature eggs (Fig. 1B, Table 1 ). Ovarioles from FA42 mutant animals contained only early germ cells resembling GSCs and cystoblasts. In heterozygous control ovarioles, GSCs and cystoblasts with a spherical Spectrin-rich intracellular structure, the spectrosome, were located near the tip of germaria, and were followed by differentiating cysts interconnected by branched fusomes (100%, n = 143) (Fig. 1D) . In 84.1% of FA42 mutant ovarioles, we observed early germ cells with a spectrosome but no differentiating cysts with branched fusomes (n = 44) (Fig. 1E ). Fusomes were often not detected in FA42 germaria; when present, they appeared unbranched. We also examined the expression of bam-GFP, which was used to monitor bam transcription (Chen and McKearin, 2003) . bam-GFP is activated in cystoblasts and differentiating cysts but not in GSCs (Chen and McKearin, 2003) (Fig. 1F) . bam-GFP expression was detected in the germ cells lying 1-2 cells away from the GSC niche in FA42 germaria (Fig. 1G) , suggesting that the accumulation of early germ cells in FA42 germaria is not due to excess GSCs, and that the GSC niche in FA42 germaria has functions in repression of bam-GFP expression in the GSC, as well as in the control germaria. The accumulation of early germ cells indicates that the mitotic activity of GSCs and the survival of cystoblasts are not severely impaired by the FA42 mutation. These observations suggest that the gene defective in the FA42 mutant plays a role in allowing cyst formation.
We next examined the effects of the FA42 mutation on the development of somatic cells in germaria. The GSC niche and follicle cells were normally present in FA42 mutant germaria, although the association of follicle cells with germ cells appeared abnormal. In control ovarioles, terminal filament cells and cap cells were detected at the tip of germaria (n = 174) ( Fig. 2A) . In all FA42 mutant ovarioles, we detected terminal filament cells and cap cells, which were in contact with germ cells at the tip of germaria (n = 90) (Fig. 2B) . In control germaria, follicle cells in region 2b were associated with cysts and were involved in forming egg chambers (n = 246) (Fig. 2C) . In contrast, in FA42 germaria, follicle cells lay adjacent to the germ cells failed to form egg chambers, based on immunostaining with Fasciclin III (Fas III), a marker for follicle cells (100%, n = 117) (Fig. 2D ). These observations indicate that the wild-type function of FA42 is required for the association of antibody (green) and anti-a-Spectrin antibody (magenta), which recognize spectrosomes and fusomes in germ cells. In a control ovariole, early germ cells with a ball-shaped spectrosome (arrowheads) and differentiating cysts connected by branched fusomes (arrows) were observed (D 0 ). In a FA42 mutant ovariole, early germ cells with a spectrosome (arrowheads)
were observed, but differentiating cysts connected by branched fusomes were not (E 0 ). (D 0 and E 0 ) The a-Spectrin channel is shown on its own. (F and G) bam-GFP/+ (F) and FA42/FA42; bam-GFP/+ (G) ovarioles were stained with anti-Vasa (magenta) and anti-GFP (green) antibodies. bam-GFP expression was detected in the germ cells lying 1-2 cells away from the GSC niche in control (arrow in F) and in FA42 germaria (arrow in G). Females were dissected to examine ovaries. a Statistical significance was calculated using Fisher's exact probability test. Probabilities were compared with FA42/FM7. germ cells with follicle cells to form egg chambers, as well as for cyst formation.
2.2.
The FA42 mutation corresponds to a new allele of inx2
To identify the FA42 gene, we performed complementation tests. Deficiency mapping revealed that FA42 was uncovered by Df(1)Sxl-bt, which encompasses the region from 6E2 to 7A6 (see Section 4). Among the mutations located in the region, only lethal alleles of inx2 were unable to complement the FA42 mutation (Fig. 1C) , indicating that FA42 is a novel female sterile allele of inx2. To confirm this, we next performed rescue experiments by using the upstream activation sequence (UAS)-Gal4 system (Brand and Perrimon, 1993) . When inx2 cDNA was expressed in FA42 mutant females under the control of the heat shock-(hs-) Gal4 driver, 51.9% of ovaries from the females were able to produce mature eggs (n = 52) (Fig. 3F) , whereas control ovaries failed to do so (Table 2) . Thus, we concluded that the FA42 mutation is a female sterile allele of inx2. The FA42 mutation is hereafter referred to as inx2
FA42
. Genomic sequencing analysis did not detect any nucleotide changes in the coding region of the inx2 gene, but inx2
FA42 mutant flies have a 12-bp deletion in the single -intron of the inx2 gene (Fig. 3A) .
Expression of inx2 in follicle cells and escort cells in the germarium region of ovary
Inx2 was strongly expressed in follicle cells and in escort cells, which make close contact with germline cells in wildtype germaria. Inx2 mRNA was detectable in egg chambers at oogenic stage 5, and its expression was increased at the vitellogenic stages as described previously (Fig. 3B) (Stebbings et al., 2002) . The staining also revealed that several follicle cells with strong signal were located in germarium region 2b (Fig. 3B) . In addition, a lower but significant level of inx2 expression was detected in a subset of IGS cells. We stained wild-type germaria with anti-Inx2 antibody and anti-Slit antibody, which labels escort cells and prefollicular cells (Nystul and Spradling, 2010) . Immunofluorescence staining revealed that the Inx2 protein was detectable in escort cells, which were in contact with cysts, as well as in follicle cells in wild-type germaria ( Fig. 3C and G) . Inx2 was also expressed in prefollicular cells, which exhibit low level of Fas III expression, located at the region 2a/2b border ( Fig. 3H ) (Nystul and Spradling, 2010 
inx2 is required in follicle cells to promote egg chamber formation
To better understand inx2 function in follicle cells, we performed mosaic analysis using the protein-null alleles inx2 G0118 and inx2 G0016 (Bauer et al., 2002) 
(see Section 4). As the somatic clones of inx2 G0118 appeared at a higher frequency than inx2 G0016 clones, we mainly used the inx2 G0118 allele in this study. We generated inx2 G0118 clone by using the FLP/FRT system (Xu and Rubin, 1993) to examine the behavior of the follicle cells when Inx2 is completely removed from them ( Fig. 4A ). The formation of egg chambers was blocked by the large inx2 À follicle stem cell (FSC) clones, but not by the small transient ones. The inx2 À transient clones associated normally with cysts to form egg chambers ( Fig. 4A and G). The egg chambers that contained inx2 À transient clones were able to develop normally into the vitellogenic stages (data not shown). We next developed a procedure to generate inx2 À FSC clones, which encompass most prefollicular cells and follicle cells in region 2b, and analyzed the inx2 À FSC clones (see Section 4) (Fig. 4E ). The control FSC clones associated normally with cysts to form egg chambers (100%, n = 19) ( Fig. 4D ). In striking contrast, 97% of the inx2 À FSC clones failed to form egg chambers (n = 30, P < 0.001). Although the cysts made contacts with the inx2 À FSC clones, they failed to interact with the clones to form egg chambers (Fig. 4E ). inx2 À follicle cells maintained columnar shape, adhered to each other, and formed an epithelial sheet; thus, the differentiation of follicle cells does not appear to be affected by the removal of inx2. These results show that inx2 function in follicle cells is required for egg chamber formation. We also examined the ovaries from the females 2 weeks after heat-shock treatment. The region of inx2 À FSC clones were expanded, compared to that observed in the ovaries 1 week after heat-shock treatment, but failed to associate with the germline cells to form egg chambers, suggesting that the deficits in the egg chamber formation are not merely a consequence of developmental delay (data not shown). To determine whether inx2 function is required in germ cells, we next examined the development of inx2 À germ cells. inx2 À cysts were able to form egg chambers with follicle cells (Fig. 4F ). To further investigate the development of inx2 À germ cells, we generated homozygous germline clones using the FLP/FRT/DFS system in females heterozygous for the inx2 G0118 mutation. We found that 91.5% of ovaries contained mature eggs derived from inx2 À germline clones when FLP recombinase was activated by heat-shock treatment (n = 59) (Fig. 4B) . Thus, the normal function of inx2 is not absolutely required in germ cells, as previously reported (Bauer et al., 2004) . Taken together, these results suggest that inx2 is required in follicle cells to trigger the formation of egg chambers. We also recovered small inx2 À FSC clones from the females 1 week after heat-shock treatments (see Section 4). The small inx2 À FSC clones in germaria were able to surround cysts with inx2 + follicle cells to form nascent egg chambers (Fig. S1B) . The clones were able to accumulate DE-cadherin at the junction where the clones faced to the Females were dissected to examine ovaries. a Statistical significance was calculated using Fisher's exact probability test. Probabilities were compared with FA42/FA42; UAS-inx2/+; hs-Gal4/+.
cysts. In contrast, large inx2
À FSC clones failed to form egg chambers and to accumulate DE-cadherin at the junction (Fig. S1A) . Thus, distinction of large and small clones may reflect a difference in fundamental cellular events, including the regulation of cell adhesion molecules, between a large and a small clone rather than differences in time and place of clone formation.
inx2 is required for the accumulation of DE-cadherin and Baz
We speculated that cell adhesion molecules might be involved in the formation of egg chambers. DE-cadherin is required for several steps in the process of cyst envelopment; expression levels are elevated at the sites of cyst-follicle cells contact in the nascent egg chamber (Oda et al., 1997) . Moreover, Inx2 interacts directly with DE-cadherin, and regulates the behavior of DE-cadherin in epithelial cells in Drosophila embryos (Bauer et al., 2004) . To determine whether the localization of DE-cadherin is affected by the inx2 mutation, we examined DE-cadherin at junctions where cysts faced follicle cells in the germaria of inx2 FA42 females (Fig. 5 ). In the heterozygous control germaria, there was a high intensity of DE-cadherin at the junction ( Fig. 5A and A  0 ) . In contrast, DE-cadherin levels at the junction were significantly reduced in the germaria of inx2 FA42 females (Fig. 5B and when UAS-DE-cadherin was expressed under the control of hsGal4, the follicle cells were able to associate with and surround germ cells to form egg chamber-like structures (60.5%, n = 124, P < 0.0001) (Fig. 5D ), but this did not occur in germaria from inx2 FA42 females carrying only the hs-Gal4 transgene (n = 72) (Fig. 5C ). These results show that inx2 function is required for the regulation of DE-cadherin to trigger the association of follicle cells with germline cells. However, differentiation of germ cells in the egg chamber-like structures was not restored by the expression of DE-cadherin, as judged by the morphology of germ cells. Baz colocalizes with DE-cadherin, which is the major adhesion molecule at the Adherens junction (AJ), and is required for positioning AJ in the epithelium of Drosophila embryos (Harris and Peifer, 2005) . Baz expression level was elevated at the sites of cyst-follicle cells contact in the nascent egg chamber. Baz exhibited a punctate pattern at the junction, which is overlapped with that of DE-cadherin (Fig. 5E) . We examined Baz at the junctions in inx2 females. Baz levels at the junction were significantly reduced in the germaria of inx2 FA42 females (Fig. 5G ). Baz and atypical Protein Kinase C (aPKC) often function as a complex in epithelial cells (Goldstein and Macara, 2007) . We also examined aPKC at the junctions in inx2 FA42 females. aPKC at the sites was not severely affected by inx2 FA42 mutation (Fig. S2 ). These observations indicate the possibilities that inx2 may regulate Baz at the sites of cyst-follicle cells contact in order to position DE-cadherin, and that Baz may act independently from aPKC during egg chamber formation.
inx2 is required in IGS cells for survival of early germ cells and for cyst formation
To examine the function of inx2 in IGS cells, we performed knockdown experiments using UAS-RNAi against inx2. We expressed UAS-inx2 RNAi using the c587-Gal4 driver and examined the effect on cyst formation. c587-Gal4 was able to drive mCD8-GFP expression in most IGS cells, including escort cells, in region 1 and 2a of adult germaria (Fig. 6A) (Song et al., 2007) . Cyst formation was blocked by the expression of inx2 RNAi in IGS cells. Although none of the control ovaries carrying only c587-Gal4 exhibited defects in oogenesis (n = 72) (Fig. 6B) , 50% of the ovaries showed arrest in early oogenesis, when UAS-inx2 RNAi was expressed under the control of c587-Gal4 driver (n = 78, P < 0.0001) (Fig. 6C) . These germaria appeared to contain only early germ cells with single spectrosomes similar to what we observed in inx2 FA42 mutant females. Furthermore, RNAi mediated-knockdown of inx2 reduced the number of germ cells. These results show that wild-type function of inx2 in IGS cells is required for survival of early germ cells, as well as for cyst formation. A functional EGFR signaling pathway in IGS cells is required for cyst formation. The stet in germ cells mediates signaling from germ cells to the IGS cells in order to activate the EGFR/MAP-kinase pathway in these somatic cells. The microenvironment provided by the somatic cells may, in turn, promote germ cell differentiation . The ovarian phenotype in the stet mutant is very similar to that observed in inx2 FA42 mutants. To explore the relationship between inx2 and EGFR signaling, we examined whether cyst formation is rescued by the expression of constitutive active form of EGFR (EGFR-CA) (Lesokhin et al., 1999) in inx2 FA42 mutant animals. The cyst formation was partially restored by the expression of EGFR-CA, as judged by branched fusomes (77%, n = 43) (Fig. 6E) . This did not occur in control animals without
Fig. 6 -inx2 in IGS cells is required for cyst formation. (A) An ovariole from c587-Gal4; UAS-mCD8-GFP was stained with antiVasa (magenta) and anti-GFP antibodies (green). Strong GFP signal was detected in IGS cells. (B and C)
Ovarioles from c587-Gal4 (B) and c587-Gal4; UAS-inx2RNAi (C) animals were labeled with anti-Vasa (magenta) and anti-a-Spectrin (green). In ovarioles from c587-Gal4 (B), early germ cells with a spectrosome (arrowhead) and differentiating cysts with branched fusome (arrows) were observed. In an ovariole from c587-Gal4; UAS-inx2RNAi (C), only early germline cells with a spectrosome were observed (arrowheads). (D and E) Ovarioles from inx2 FA42 /inx2 FA42 ; hs-Gal4 (D) and inx2 FA42 /inx2
FA42
; UAS-EGFR-CA; hs-Gal4 (E) animals were labeled with anti-Vasa (magenta) and anti-a-Spectrin (green). In the ovarioles from inx2 FA42 /inx2 FA42 ; UAS-EGFR-CA; hs-Gal4, differentiating cysts with branched fusomes (arrows) were observed (E).
the EGFR-CA transgene. These results indicate a possibility that inx2 interacts with EGFR pathway to promote cyst formation. However, the formation of egg chambers was not rescued by the expression of EGFR-CA.
Genetic interaction between inx2 and zpg
Approximately 8% of ovarioles from inx2 FA42 /inx2 G0118 females exhibited a phenotype very similar to zpg (n = 93) ( Fig. 7D and E) . zpg is required for the survival of early germ cells . Combined with data from RNAimediated knockdown of inx2, these observations indicate a requirement for inx2 for the survival of early germ cells, and imply cooperation between inx2 and zpg. To investigate this possibility, we analyzed the genetic interaction between inx2 and zpg. Reduction of zpg function by introduction of a single dose of zpg z-5352 significantly decreased the number of germ cells in inx2 FA42 mutant germaria (Fig. 7H) /+ females, the number of early germ cells were reduced to $10 (n = 140, P < 0.002), compared with 7.9% in inx2 FA42 mutant females (n = 126). We also found that germ cells were scattered, and failed to associate with somatic cells, in 18.6% of germaria from the inx2 
Discussion
Isolation of a female sterile allele of inx2
The isolation of a female-sterile mutation in inx2 has allowed us to study the requirement of Inx2 gap junctions in oogenesis and the mechanisms that regulate germline development. Our results have advanced our understanding of the function of Inx2 gap junction protein in two different somatic support cells. First, we have shown that Inx2 in IGS cells is required for survival of early germ cells and as well as for cyst formation. Second, we have demonstrated that Inx2 in follicle cells promotes egg chamber formation through the regulation of DE-cadherin. We have not tested whether Inx2 forms functional gap junctions during early oogenesis. However, previous studies have demonstrated that gap junctions are formed between germ cells and somatic support cells including IGS cells (Mahowald, 1972; Giorgi and Postlethwait, 1985; Tazuke et al., 2002; Bohrmann and Zimmermann, 2008) . We believe that the most plausible interpretation of our data is that Inx2 expressing in the somatic support cells forms functional gap junctions in order to regulate germline development. Our findings strongly support a multifunctional role for Inx2 gap junctions in regulating these important developmental processes during early oogenesis.
inx2 is required for survival of early germ cells and for cyst formation
We have shown that Inx2 gap junction protein in IGS cells is required for survival of early germ cells and for cyst formation. From analysis of inx2 expression and function, it is clear that inx2 acts in IGS cells but not in germ cells. The genetic interaction between inx2 and zpg therefore supports the view that Inx2/Zpg gap junctions between germ cells and IGS cells are required for survival of early germ cells. Inx2 protein in follicle cells is in close proximity to Zpg protein in germline cells (Bohrmann and Zimmermann, 2008) . Inx2 protein has been found to form the functional, voltage-gated, heterotypic gap junctions with Zpg in the paired Xenopus oocyte system Phelan, 2005) . These data are consistent with the idea that Inx2 in IGS cells forms functional gap junctions with Zpg in germ cells. The mutant phenotypes of inx2
FA42 are mainly associated with defects in cystoblast differentiation, whereas the phenotypes in zpg mutants are mostly associated with cystoblast survival (Gilboa et al., 2003) . Thus, Inx2 expressed in IGS cells may also form a heterotypic junction with other Innexins expressed in germ cells to promote cyst formation. To investigate this possibility, further study will be needed in order to explore the function of other Innexins in germ cells. The requirement of inx2 for survival of early germ cells and for cyst formation indicates that Inx2 gap junctions may supply differentiating early germ cells with nutrients and signal molecules, to support their survival and differentiation into cysts, respectively. As cyst formation is affected in a weak allele of inx2 (inx2
FA42
) but the survival of early germ cells is not, we conclude that inx2 activity required for cyst formation is higher than that for survival. Gap junctions are intercellular channels that allow passage of small molecules of up to 3 kDa in arthropods (Bohrmann and Zimmermann, 2008) . In some cases, even much larger molecules, such as calmodulin and siRNAs, are able to pass through gap junctions (Brooks and Woodruff, 2004; Wolvetang et al., 2007) . The signal molecules involved in cyst formation may be larger than nutrient molecules. Moreover, these findings imply that the regulation of permeability of Inx2 gap junctions may be involved in cyst formation.
A functional EGFR signaling pathway in escort cells is required for cyst formation Our finding that Inx2 gap junction protein promotes egg chamber formation through the regulation of DE-cadherin might have important implications regarding the mechanism of egg chamber formation. This is the first evidence of the functional link between the intercellular communication mediated by gap junctions and cell adhesion during egg chamber formation. Different concentrations of DE-cadherin drive a cell sorting process, which promotes the association of an oocyte with follicle cells (Godt and Tepass, 1998) . By analogy, inx2 may control a cell sorting process that facilitates the association of germ cells with follicle cells via accumulation of DE-cadherin. However, the mechanism by which Inx2 gap junctions regulate the behavior of DE-cadherin is unclear; both direct and indirect mechanisms are possible. The direct interaction between Inx2 and DE-cadherin may play a role in the accumulation of DE-cadherin at germ cell/follicle cell boundaries. The cytoplasmic loop of Inx2 protein directly interacts with the cytoplasmic domain of DE-cadherin. DE-cadherin is specifically co-immunoprecipitated by anti-Inx2 antibody from embryonic extracts (Bauer et al., 2004) . But the interaction may be transiently required for the regulation of DEcadherin in germarium region 2b, as inx2 is dispensable for apical localization of DE-cadherin in egg chamber follicle cells. Alternatively, Inx2 gap junctions may mediate signaling between the germ cells and prefollicular cells in order to regulate the cellular events that increase the amount of DE-cadherin. The argument in favor of a role of inx2 in signaling leading to DE-cadherin accumulation comes from mosaic analysis in which inx2 function in a subset of follicle cells is sufficient for egg chamber formation, as described above. Moreover, we show that Baz is a target gene of inx2. Baz interacts with Armadillo (Arm), which binds directly toDE-cadherin, and plays a key role in positioning the AJ (Harris and Peifer, 2005) . A signal mediated by Inx2 may regulate Baz accumulation at the junction in order to position DE-cadherin. The molecular mechanism by which Inx2 controls Baz remains to be investigated. As the expression of DE-cadherin is not sufficient for restoring egg chamber formation, the process must require the function of other genes, acting downstream of inx2.
Here, we show inx2 expression in follicle cells in the germarium region, and reveal the requirement of inx2 for egg chamber formation. inx2 is also expressed in the precursor cells of the proventriculus, and is required for the folding and invagination of the proventriculus (Bauer et al., 2002) . Both wingless (wg) and hedgehoge (hh) signaling pathways activate inx2 expression in the proventriculus (Bauer et al., 2002; Lechner et al., 2007) . These signaling pathways may regulate inx2 expression in the germarium region of the ovary, because these signaling pathways are involved in the formation of egg chambers (Forbes et al., 1996; Song and Xie, 2003) . We identified a small deletion in the intron of the inx2 gene of inx2 FA42 mutants. Signaling pathways such as wg and hh may activate inx2 transcription in germaria via a cis-element located in the intron of inx2; the identification and characterization of such a cis-element remains to be investigated.
We show the requirement for inx2 function in cyst formation and egg chamber formation. However, we did not test whether functional gap junctions are required for the developmental processes. It is worth noting that the action of inx2 on the processes might be independent of gap junction function. The studies using chemical inhibitors and activators of gap junction permeability and the identification of direct interactor proteins of Inx2 will facilitate understanding of the molecular mechanisms by which inx2 regulate these processes.
In many animals, gametes develop within gonads, in which germ cells are linked with the surrounding somatic cells via gap junctions. Such gap junctions are essential for gametogenesis in both vertebrates and invertebrates (Simon et al., 1997; Tazuke et al., 2002; Gilboa et al., 2003; Whitten and Miller, 2007) . Our results suggest that Inx2 gap junctions in somatic support cells control important developmental processes during early oogenesis through the regulation of intercellular communication and cell adhesion. We anticipate that our results will facilitate better understanding of the molecular mechanisms that regulate gametogenesis.
4.
Materials and methods shocked at 37°C for 1 h. Ovaries were dissected 3 days after the heat-shock treatment and further processed for immunostaining. To generate FSC clones, the females with the same genotype were heat-shocked 10 times at 37°C for 1 h (at $11-h intervals). As it takes 3-4 days for newly formed follicle cells to migrate from the germarium, the small transient clones in follicle cells will exit the germarium within 1-week period (Song and Xie, 2002) . Ovaries were dissected 1 or 2 weeks after the last heat-shock treatment and then further processed for immunostaining. The inx2 À clones were marked by the absence of GFP. Germline clones were generated using a dominant female sterile technique, FLP/FRT/DFS (Chou and Perrimon, 1992 ).
Phenotypic analysis of mutant ovaries
To observe inx2 FA42 mutant ovaries, 1-day-old females were collected. Ovaries were dissected and stained with anti-Vasa and anti-a-Spectrin antibodies. We observed the effects of inx2 RNAi expression on oogenesis using two independent transgenic lines (4590R-3 and 102194). The expression of these inx2 RNAi lines under the control of c587-Gal4 both impaired oogenesis. The expression of these lines had similar phenotypes, but the expression of inx2 RNAi (102194) occasionally resulted semi-lethality. Thus, we mainly used the inx2 RNAi (4590R-3) line in this study. To assess the effect of the expression of inx2 RNAi on oogenesis, c587-Gal4/+; UAS-inx2 RNAi/+ adult females were cultured at 30°C for 3 days. Ovaries were dissected and stained with anti-Vasa and anti-a-Spectrin antibodies.
To examine the effect of the expression of DE-cadherin in inx2 FA42 mutant ovaries, inx2 FA42 /inx2
FA42
; UAS-DE-cadherin/+; hs-Gal4/+ adult females were cultured at 30°C for 3 days. Ovaries were dissected and stained with anti-Vasa and anti-Fas III antibodies.
To examine the effect of the expression of EGFR-CA in inx2 FA42 mutant ovaries, inx2 FA42 /inx2
; UAS-EGFR-CA/+; hsGal4/+ adult females were cultured at 30°C for 3 days. Ovaries were dissected and stained with anti-Vasa and anti-a-Spectrin antibodies.
